Evaluation of etanercept stability as exposed to various sugars with biophysical assessment.
Even though sugars have been used widely as additives for protein formulations, their exact mechanisms of protein stabilization and applicability remain still in need of investigation. The main purpose of this study was to evaluate the effects of various sugars on the biophysical stability of etanercept (Enbrel(®)). Six well known sugars including glucose, fructose, maltose, sucrose, trehalose, and raffinose were incorporated into the protein solution with different concentrations. The samples were analyzed with dynamic light scattering (DLS), differential scanning calorimetry (DSC), circular dichroism (CD), and size-exclusion chromatography (SEC). The DLS measurement showed that as the number of simple sugars and solution concentration increased, the hydrodynamic size increased with a decreasing absolute zeta potential. The DSC result provided consistent trends with the DLS data. As the concentration of sugar increased, the protein transition temperature (T(m)) was gradually increased in most of samples. In addition, a non-enzymatic browning reaction (NEB) was observed during heating of the sugar solution. To monitor the storage stability, sample solutions were stored at 4 and 40 °C. At 4 °C, the ratio of monomer, aggregate, and fragment were not significantly changed. However, fragmentation of etanercept was observed in accelerated storage. In addition, fructose and maltose showed a peak shift in the SEC result. Those results suggest that the reducing ability of sugar might be a reason for the different etanercept degradation pathways. Therefore, sugars need to be carefully considered to achieve the maximum efficiency of therapeutic proteins for the development of protein formulations.